indicated that the reduction in miR-204 levels promotes PASMC proliferation and induces resistance to apoptosis. Meloche et al 9 reported
that the downregulation of miR-223 plays an important role in PAH, and restoring the expression of this miRNA can reverse PAH.
Integrin-β 3 subunit gene (ITGB3) is known as platelet glycoprotein IIIa and antigen integrin β3 (CD61). ITGB3 has been demonstrated
to be modulated by miR-95 to regulate the proliferation, migration and invasion of non-small-cell lung cancer. 10 In addition, abnormal PASMC proliferation is a pathological feature of PAH, 11 although there has been no specific research investigating the role of ITGB3 in PAH. Moreover, the functions of miR-223-3p and ITGB3 in PAH are still not fully understood.
In this study, we investigated the expression of miR-223-3p and ITGB3 in PASMCs subjected to hypoxia in vitro and in the pulmonary artery tissues of a PAH rat model. miR-223-3p was found to hinder the deterioration caused by PAH, whereas ITGB3 contributed to the progression of PAH. These discoveries suggest the great potential of miR-223-3p and ITGB3 as novel PAH therapeutic targets and biomarkers for PAH.
| MATERIAL S AND ME THODS

| Bioinformatics analysis
The microarrays GSE33463 and GSE67597 were obtained from the Gene Expression Omnibus (GEO) database (https://www.ncbi.nlm.
nih.gov/geo/). Differentially expressed genes and dysregulated pathways were uncovered through the R language and Kyoto Encyclopedia of Genes and Genomes (KEGG) database, respectively. The Linear Models for Microarray and RNA-seq Data (Limma) package was utilized to investigate gene expression between the IPAH group and healthy controls. The threshold used to screen for upregulated and downregulated mRNA was P < 0.05 and |log (FC)| > 1. The differentially expressed genes were clustered using the heatmap package.
| Cell isolation and cultivation
Healthy male Sprague Dawley (SD) rats weighing 200 g were anesthetized with 200 g/L urethane at a dose of 5 mL/kg. Pulmonary arteries were isolated in aseptic operations, and PASMCs were isolated from sections of pulmonary arteries as previously described. 12 In the subsequent experiments, the cells were cultured at 37°C in an atmosphere with 5% CO 2 .
| Hypoxia induction
When the cells were reached 70% confluence, a serum-free medium was utilized to replace the initial medium that contained 10% FBS.
Positive control PASMC lines were purchased from Cell Applications (San Diego, CA, USA). After being cultured for 12 hour, the cells were divided into two groups, namely the control group and the hypoxia induction group. Cells in the control group were incubated under 21% O 2 , 5% CO 2 and balanced N 2 ; cells in the hypoxia induction group were incubated under 2% O 2 , 5% CO 2 and balanced N 2, as described previously. 13 
| α-SMA immunofluorescence
PASMCs were fixed in 4% formaldehyde for 10 minutes and then non-fat milk. After 1 hour, the membrane was incubated with the
| Western blot
TA B L E 1 Sequences of primers utilized in qRT-PCR
Primers Sequence
Rno-miR-223-3p 5′-UGUCAGUUUGUCAAAUACCCCA-3′
TA B L E 2 Sequences of oligonucleotides utilized for transfection
Oligonucleotides Sequence miR-223-3p mimics 5′-UGUCAGUUUGUCAAAUACCCC-3′
Control mimics 5′-CAUAACAACCGGCAGAAUGAGCG −3′
miR-223-3p inhibitor 5′-GGGGUAUUUGACAAACUGACA-3′
Control inhibitor 5′-CAGUAGCATTGAGTUGCCAGAGCG-3′
Control siRNA 5′-CAGTCTTTAGAGCTTACCTGAGCAG-3′
primary antibodies overnight at room temperature, followed by incubation with the corresponding secondary antibody for 4 hour. In the present study, the primary antibodies used were as follows: rabbit anti-α-SMA (ab124964, 1:10 000 dilution; Abcam), rabbit anti-ITGB3 (ab218435, 1:5000 dilution), rabbit anti-PARP-1 (1:1000; Cell Signaling) and γH2AX (1:250; Cell Signaling). The secondary antibody was goat anti-rabbit IgG (1:5000 dilution; Beyotime) labelled with horseradish peroxidase (HRP). An electrochemiluminescence (ECL) kit and ImageJ software from Media Cybernetics (Rockville, MD, USA) were used to determine the chemiluminescent and relative protein expression, which was presented as the density ratio compared to GAPDH.
| Quantitative real-time polymerase chain reaction
The RNApure total RNA extraction Kit (Bioteke Corporation, Beijing, China) was used to extract the total RNA, which was reversed transcribed using Super M-MLV reverse transcriptase (Bioteke Corporation). To evaluate the expression levels of Rno-miR-223-3p
and ITGB3, SYBR Premix Ex Taq from TaKaRa Biotechnology (Tokyo, Japan) was utilized, and U6 and GAPDH served as the respectively internal controls. The sequences of the primers used in this study are listed in Table 1 . The relative gene expression was calculated using the 2 −ΔΔCT method. 
| Transfection
| Apoptosis assay
| Haemodynamics
The pulmonary pressure changes were measured. In brief, a 13-cm-long, heparin-priming polyethylene catheter (outer diameter, pulmonary resistance (TPR) and mean pulmonary arterial pressure (mPAP) were recorded. Meanwhile, the cardiac output (CO) and enddiastolic pressure were assessed, as previously described.
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| Haematoxylin-eosin (HE) staining
Paraffin-embedded tissue sections were roasted and dried for 20 minute in the oven at 75°C, followed by immersion in xylene for 15 minute, anhydrous ethanol for 5 minute, 95% ethanol for 5 minute, 80%
ethanol for 5 minute and 70% ethanol for 5 minute. All operations were conducted twice. Briefly, after the sections were dried, haematoxylin was used to stain the nuclei, and eosin was used to stain the cytoplasm after dewaxing and hydration, as previously described. 23, 24 To examine the degree of fibrosis, microscopic images of the HEstained tissues were graded according to the Ashcroft method. 
| Sirius red-saturated carbazotic acid staining
Paraffin-embedded tissue sections were washed with distilled water and then stained with celestine blue for 10 minute followed by three washes with distilled water. Then, Sirius red-saturated carbazotic acid was applied for 20 minute. Afterwards, the sections were treated with 0.2% ethylic acid for 1 minute, twice. After dehydration, transparency and sealing, the tissues were observed using ordinary optical or polarized light microscopy.
27,28
| Immunohistochemistry
Immunohistochemistry (IHC) analysis was performed on 5-μm paraffin-embedded tissue sections that were rehydrated in a graded series of ethanol (99%-70%) and finally in distilled water.
For ITGB3 staining, blocking of non-specific antibody binding was blocked with 3% bovine serum albumin (BSA) in Tris-buffered saline supplemented with 0.05% Tween 20 (TBST). A primary antibody against rabbit ITGB3 (ab218435, 1:100; Abcam) was diluted in 1% BSA in TBST. The antigen-antibody complex was visualized using a horseradish peroxidase-conjugated IgG secondary antibody (1:200; Beyotime) followed by 3,3′-diaminobenzidine (DAB).
ITGB3 immunostaining was scored as follows: score 0, no expression; score 1, weak expression; score 2, moderate expression; score 3, strong expression. 29 
| Data analysis
Data were presented as the mean ± standard deviation (SD) of at least three independent replicates. Data were analysed with
Results of gene oncology (GO) analysis. A and B, The GO analysis revealed differentially modulated pathways in the IPAH group compared to the normal group. In the dotplot, the graph size represents the number of genes. The colour represents the P value.
In the joyplot, the enrichment significance (the adjusted P value) is reflected by the colour intensity of the peaks. Pathways with ridges on the left side of 0 were downregulated, while those with ridges on the right side of 9 were upregulated. The gene ratio in the horizontal axis represents the proportion of differential genes in the gene set GraphPad Prism 6.0 (GraphPad Software, La Jolla, CA, USA), and comparisons between two groups were analysed by the Student's t test. Multiple groups were compared with one-way ANOVA.
Differences were considered significant at values of P < 0.05.
| RE SULTS
| Downregulation of miR-223-3p in IPAH and related dysregulated pathways
Differentially expressed genes and dysregulated pathways were determined using the R language and KEGG database, respectively. Figure 1A shows the top 10 differentially expressed genes with aberrantly high and low expression. ITGB3 was shown to be upregulated in IPAH tissues. As shown in Figure 1B , hsa-miR-223-3p was downregulated in patients with IPAH. The top 14 significantly activated and inactivated pathways in IPAH are shown in Figure 2A .
The Gene Oncology (GO) analysis revealed that these co-expressed genes in IPAH were associated with several biological processes, In the joyplot, the enrichment significance (the adjusted P value) is reflected by the colour intensity of the peaks. Pathways with ridges on the left side of 0 were downregulated, while those with ridges on the right side of 9 were upregulated. The gene ratio in the horizontal axis represents the proportion of differential genes in the gene set ( Figure 3B ) illustrate the activated and suppressed GO pathways in IPAH tissues. Figure 4A ,B illustrates the activated and suppressed KEGG pathways in IPAH tissues, including the ECM receptor interaction pathway.
| Visual characterization of PASMC and analysis of the expressions of miR-223-3p and ITGB3 after hypoxia induction
PASMCs were observed under the microscope and "peak and valley" characteristics were exhibited ( Figure 5A ). α-SMA was strongly expressed in PASMCs ( Figure 5B ). After the induction of hypoxia, the expression of miR-223-3p was suppressed in the hypoxia group ( Figure 5C , P < 0.01), whereas ITGB3 expression was elevated in the hypoxia group compared with normal group ( Figure 5D ,E, P < 0.01).
| MiR-223-3p and ITGB3 expression levels after transfection
Three different specific siRNAs against ITGB3 were transfected into PASMCs. SiRNA2 exhibited the highest interference efficiency Further, the upregulated expression of miR-223-3p attenuated the positive effect of ITGB3 overexpression under both normoxic and hypoxic conditions. In addition, to confirm whether miR-223 modulation affects apoptosis through DNA damage, the expression of DNA damage sensor γ-H2AX 31 was detected. As shown in Figure 11A ,B, after the induction of hypoxia, γ-H2AX expression increased significantly, indicating that, indeed, miR-223 modulation affects cells apoptosis through DNA damage. Suppression of ITGB3 or elevated expression of miR-223-3p enhanced the expression of γ-H2AX induced by hypoxia ( Figure 11A ,B, P < 0.01).
| The expression of α-SMA in PASMCs cultured under normal or hypoxic condition after transfection
Transfected cells were incubated under normal or hypoxic conditions, and then, the total proteins were extracted. Because the phenotypic modulation of pulmonary artery smooth muscle cells (PASMCs) can be triggered by hypoxia, 32, 33 and α smooth muscle actin (α-SMA), a phenotype marker of PASMCs, is the first F I G U R E 6 MiR-223-3p and ITGB3 expression level after transfection. A, ITGB3 expression after transfection with three specific siRNAs was determined. B, MiR-223-3p expression level after transfection with miR-223-3p mimics or inhibitor was confirmed via qRT-PCR. C, The ITGB3 mRNA level after transfection with pcDNA-ITGB3 or si-ITGB3 transfection was compared with matched control groups via qRT-PCR. D, The protein expression of ITGB3 was measured and compared with the matched control group after transfection with pcDNA-ITGB3 and si-ITGB3 or co-transfection with pcDNA-ITGB3 and miR-223-3p mimics. E, Design of ITGB3 3′UTR (wild type and mutant) was the target sequence. F, The dual luciferase reporter assay was performed, and decreased luciferase activity was observed in miR-223-3p mimics + pGL3-ITGB3 wt group. All experiments were performed in triplicate. **P < 0.01 compared with control siRNA, control mimics, pcDNA Vector or pGL3-NC group; ## P < 0.01 compared with control inhibitor or control siRNA known protein to be expressed during the differentiation of the smooth muscle cell (SMC) in development, 34 Western blot was employed to evaluate the protein expression of α-SMA. As shown in Figure 12A ,B, after cells were incubated in a hypoxic environment, α-SMA expression decreased significantly, indicating a phenotypic change. Importantly, both the suppression of ITGB3 and the elevated expression of miR-223-3p promoted the expression of α-SMA induced by hypoxia. Moreover, overexpression of miR-223-3p attenuated the impact of pcDNA-ITGB3 in both the normoxia and hypoxia group.
| Rat model building
The lung tissues of the control rats presented were pink with smooth and full surfaces. The rats in the MCT group exhibited clearly reduced activity levels, reduced consumption of food, disordered hair, and cyanotic noses and lips after 2 weeks. The chests were analysed after 4 weeks. The lung tissue was grey with poor elasticity. The right ventricular wall was found to be thickened after the heart was cut. Notably, the agomiR-223-3p
and sh-ITGB3 adenovirus transfection groups exhibited higher activity levels and a few bruises at lung tissue surface. However, a situation similar to the control group was observed for the agomiR-223-3p and sh-ITGB3 co-transfection groups. The observed phenotypes of each group are presented in Table 3 . After 4 weeks, weight loss was observed in the MCT group compared with the other group, and the co-transfection group was healthier overall compared with the sh-ITGB3 adenovirus transfection group. Moreover, the weight of the rats in the co-transfection group was close to that of the rats in the control group. The weight of each group is presented in Table 4 .
| Hemodynamic and the index of right ventricular hypertrophy
The levels of mPAP, TRP, EDP and RVSP in the MCT induced rats were elevated compared with the normal rats at 4 weeks, and the right ventricular mass ratio of the rats in the MCT group was also increased (P < 0.01) with obvious pulmonary hypertension. In addition, the CO of the experimental rats was attenuated compared with the normal rats, but the overexpression of miR-223-3p and the knockdown of ITGB3 increased the CO Other targets of miR-223 were measured, including IGF-IR A, After being cultured in either normoxic or hypoxic conditions for 36 h, Western blot analysis was performed to measure the protein levels in all groups. B, Relative integrated density value (IDV) analysis of IGF-IR All experiments were performed in triplicate. **P < 0.01 compared with the blank control in the normoxia treatment group; ## P < 0.01 compared with the blank control in the hypoxia group
The proliferation of pulmonary arterial smooth muscle cell (PASMC) after transfection under normal or hypoxic conditions. Cell proliferation of PASMCs was measured, after transfection with miR-223-3p mimics or miR-223-3p inhibitor or si-ITGB3 or pcDNA-ITGB3 at 48 h. All experiments were performed in triplicate. **P < 0.01 compared with the blank control in the normoxia treatment group; ## P < 0.01 compared with the blank control in hypoxia group analysis demonstrated that ITGB3 expression in the MCT group was higher compared with the normal group, and moreover, lower ITGB3 expression was observed in the agomiR-223-3p and sh-ITGB3 transfection groups. There was an even more obvious decrease in ITGB3 expression in the group that was co-treated with agomiR-223-3p and sh-ITGB3 ( Figure 14E , P < 0.01).
| Pathological features of rat lung tissues and the right ventricular myocardium
Pathological staining of rat lung tissues was performed to inves- 
| D ISCUSS I ON
Our study demonstrated the roles of miR-223-3p and ITGB3
in PAH. MiR-223-3p was downregulated, while ITGB3 was upregulated in PAH. MiR-223-3p attenuated the progression of PAH by suppressing proliferation and decreasing α-SMA expression in PASMCs, a key cell type constituting the vascular wall of small pulmonary arteries and contributing to pulmonary vascular remodelling. 36 To ensure that our preclinical findings are consistent with future clinical studies, according to the latest guidelines of optimal methods and more stringent study in PAH 36 and key principles and guidelines for reporting preclinical research delivered by the National Institutes of Health, 37 both in vitro and in vivo experiments are important. In our study, the experiments related to PAH were carried out in vivo and 
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